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ABSTRACT

A key to industry acceptance of a new technology is extensive validation in field trials. The Powerline 
Conductor Accelerated Test facility (PCAT) at Oak Ridge National Laboratory (ORNL) is specifically 
designed to evaluate the performance and reliability of novel overhead conductors and conductor 
instrumentation under field conditions. PCAT is set up to capture large amounts of data during testing.

Southwire Corporation is a world leader in both overhead and underground electric power transmission 
products. The company produces high-temperature, low-sag (HTLS) conductors designed for overhead 
distribution and transmission lines. The HTLS conductors are designed to operate continuously at 
elevated temperatures up to 250°C with no loss of strength, with less sag under emergency electrical 
loadings than conventional conductors, with excellent self-damping properties, and with final sags that 
are not affected by the long-term creep behavior of aluminum. Southwire used the PCAT facility to test 
and validate the performance of the 795 C7 conductor. This report provides initial results of that testing.

1. TECHNOLOGY BACKGROUND

The C7 round wire overhead conductor was developed to meet a utility industry need for high-
temperature, low-sag (HTLS) conductors that match the affordability and reliability of the aluminum, 
steel-reinforced (ACSR) and aluminum, steel-supported (ACSS) conductors that have dominated 
overhead transmission for almost 100 years. Their reliability and safety are expected to exceed the already 
excellent record of conventional ACSR and ACSS conductors. These improvements were accomplished 
by using materials that have proved to be rugged, reliable, and long-lived. 

Aerospace-grade carbon fibers are used along the length of each reel, as well as the proven thermoplastic 
polymer matrix PPS and a protective capping layer of PEEK, the toughest, most abrasion-resistant, and 
most heat-tolerant polymer known (Figure 1). Additionally, a multi-strand core guards against single-
point failure, and aluminum-zirconium provides an additional layer of full structural redundancy. Since 
the core is, for practical purposes, immune to chemical attack and corrosion, the life of the conductor is 
limited only by corrosion of aluminum, which survives for many decades in most outdoor environments. 
Moreover, the conductor was designed to fit the existing transmission system infrastructure, thus guarding 
against potential installation errors. See Figure 2 for C7 conductor specifications.

Figure 1. Conductor physical characteristics.
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Figure 2. Southwire C7 round wire conductor specifications.

2. FACILITY BACKGROUND

The Powerline Conductor Accelerated Test facility (PCAT) was developed by Oak Ridge National 
Laboratory (ORNL) and the US Department of Energy (DOE) in 2003 as a test facility to evaluate the 
performance of novel overhead conductor designs. The objective of these novel conductors is to carry 
higher currents with the same amount of or less sag in the conductor (Figure 3 and Figure 4).
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Figure 3. High-temperature, low-sag conductors. (NESC = National Electrical Safety Code)

Figure 4. Increased operating temperatures of high-temperature, low-sag conductors. (ACSR = aluminum 
conductor steel-reinforced, ACAR = aluminum cable alloy-reinforced, and AAC = all-aluminum conductor)

The facility was originally built to meet guidelines in the 2002 DOE National Transmission Grid 
Study, which states

DOE will develop national transmission-technology testing facilities that encourage 
partnering with industry to demonstrate advanced technologies in controlled 
environments. Working with TVA [the Tennessee Valley Authority], DOE will create an 
industry cost-shared transmission line testing center at DOE’s Oak Ridge National 
Laboratory (with at least a 50 percent industry cost share).

PCAT has been used to successfully field test overhead conductors and conductor instrumentation to 
demonstrate and validate performance in a real-world environment either before or in conjunction with 
field trials. A big hurdle for utility acceptance of novel technologies is field evaluation, and PCAT can 
provide performance validation through its real-world testing conditions, via which it is able to accelerate 
the aging of the conductor and test the lifetime. 
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PCAT is located at the ORNL campus in 
Oak Ridge, Tennessee (Figure 5). PCAT 
provides a high-power, heavily 
instrumented and controlled platform for 
performance testing of overhead 
conductors and conductor instrumentation. 
This includes collecting all the necessary 
information for overhead conductor 
characterization and characterization of 
whole systems, as well as splices and dead 
ends. The facility is part of a DOE effort 
to address growing demands for electric 
power at a time when existing 
transmission line capacity is nearing its 
limits. PCAT is also used to test advanced 
sensors and controls for overhead 
conductors. Throughout this report, 
temperature readings for the conductors 
are labeled “treeside” and “roadside,” 
according to their locations relative to the roadway, as pictured in Figure 5.

PCAT accommodates 2,400 ft of overhead test conductor in a loop arrangement across two 600 ft 
segments. The facility consists of five 161 kV-rated steel transmission poles that have extensive support 
to ensure mechanical stability, with two poles at each of the two dead ends and one in mid-span. The test 
line forms the load for the power supply by creating a loop and connecting its two ends to the two 
terminals of the power source. The power source is a controllable dc power supply that provides dc 
current up to 5,000 A (Figure 6 and Figure 7).

Figure 6. Graphical depiction of the Powerline Conductor Accelerated Test facility (side view).

Figure 5. Aerial view of the Powerline Conductor Accelerated 
Test facility.
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Figure 7. Graphical depiction of the Powerline Conductor Accelerated Test facility (overhead view).

Because all tests at PCAT are at relatively low voltage (typically less than 100 Vdc), it is possible to place 
extensive instrumentation in direct contact with the test conductors. Measurement capabilities at PCAT 
include surface and core temperatures of the conductor under test and simultaneous measurement of 
conductor voltage, current, tension, sag, and environmental conditions (e.g., wind, solar, ambient). A 
messenger line with fiber optic loops and a 120 V instrumentation line are available above the test line to 
provide control power and communication for instrumentation. (See Appendix A for more information on 
the PCAT control system and Appendix B for more information on placement of thermocouples at PCAT 
for conductor surface and core measurements.)

2.1 TEST HARDWARE

The following overhead conductor hardware was used in the Southwire 795 C7 testing:

 3000 ft Southwire 795 C7 round wire
 Four dead-end clamps 
 Two suspension clamps

dc power source. A 2.25 MW controllable dc power source provides current to the test conductor. The 
power source is fed by a 13.8 kV/4,160 V transformer. The power supply is rated to change the current 
from 0 to 5,000 Adc and the voltage from 0 to 400 Vdc. A manual limit can be set to prevent the power 
supply from operating above a specified current. A conductor temperature limit, based on the real-time 
measured conductor temperature, can be set to prevent damage to the conductor and accessories.

Instrumentation. During testing, the following instrumentation elements and measurements provide 
feedback information for the control system and data collection. 
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 Type T thermocouples are placed directly on the conductor surface (Figure 8 and Figure 9).

 Conductor tension measurements are taken by the CAT-1 system using two load cells located on the 
transmission poles adjacent to the dc power source. The load cell is a transducer that converts the 
measured force into an electrical signal (Figure 10). Note: These data are combined with the data 
from the other instruments at midnight of each 24-hour period.

 The current passed through the conductor and the voltage drop are determined by the measured output 
of the dc power supply.

 A weather station located on the top of the first pole provides ambient temperature, wind speed, wind 
direction, and solar radiation. 

 A net radiation sensor on the CAT-1 system measures the conductor temperature due to ambient 
conditions.

Figure 8. Close-up image of thermocouple attachment to the aerial conductor.

Figure 9. Thermocouple locations (eight COYOTE runts and three pole-mount enclosures connected by two 
fiber networks).
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Figure 10. Load cell to convert mechanical force into an electrical signal.

Data acquisition and control system. A PC-based data acquisition and control system is used to capture 
PCAT data and provide the appropriate control to maintain test set points. This system handles collection 
of the all instrumentation data and data archival in 1 minute increments.

3. INSTALLATION

Installation services were provided by the Tennessee Valley Authority. Southwire provided two reels 
containing 3,000 ft of 795 Southwire C7 conductor for this installation (Figure 11) along with an empty 
reel. The reels were inspected before installation, and no damage was found. The conductors were 
installed by the semi-tension method, pulling straight from the pay-off reel and using the brake to 
maintain clearance from the ground (Figure 12 and Figure 13). 

Figure 11. Two reels of the Southwire C7 conductor and one empty reel for the existing aerial conductor.
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Figure 12. Bull-wheel support at the mid-tower during stringing of the conductor. 
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Figure 13. Cable pay-off location during installation showing semi-tension method of installation.

The individual conductors were sagged and clipped in at the same tension to ensure identical installation 
conditions. The conductors were electrically terminated with compression dead ends using standard 
installation practices. They were then jumped at the last tower to join the circuit. 

During installation, it was noted that the right-of-way was overgrown, so a decision was made to cut the 
trees back and make a large right-of-way clearing before testing. Once installation was finished, the trees 
growing into the test line right-of-way were cut back before testing was initiated.

4. TEST PLAN

The conductors are being tested according to the following test plan. 
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1. Initial knee point. A test 5 to 8 hours in duration measures the conductor knee point (above the knee 
point temperature, the aluminum strands of an ACSR conductor have no tension or go into 
compression). Based on the test results, the relationship between conductor temperature and 
conductor tension is used to identify the knee point temperature. The test data can also be presented 
as a measured sag and tension curve. To perform the test, the conductor starts at ambient temperature 
and current is slowly ramped up to heat the conductor. When the conductor has reached its rated 
operating temperature, the temperature is held for a short period of time and then the current is slowly 
ramped down. The conductor is allowed to return to ambient temperature.

2. Thermal aging at rated conductor temperature. The conductor is thermally aged at a targeted 
temperature of 180C. During aging, the conductor will accumulate 1500 hours at the target 
temperature.

3. Thermal aging at emergency conductor temperature. The conductor is thermally aged at a 
targeted temperature of 225C. During aging, the conductor will accumulate 1500 hours at the target 
temperature.

4. Aged knee point. A test 5 to 8 hours in duration measures the conductor knee point. Based on the test 
results, the relationship between conductor temperature and conductor tension is used to identify the 
knee point temperature. The test data can also be presented as a measured sag and tension curve. To 
perform the test, the conductor starts at ambient temperature and current is slowly ramped up to heat 
the conductor. When the conductor has reached its rated operating temperature, the temperature is 
held for a short period of time and then the current is slowly ramped down. The conductor is allowed 
to return to ambient temperature.

5. Emergency overload conditions. A 15 minute test at 300C is performed to analyze performance 
during an emergency overload condition.

5. TEST DATA

Throughout the collection of test data, temperature measurements are referred to as “treeside” and 
“roadside.” These terms correspond to the geographic location of each measurement on the test line. For 
each thermocouple module, there will be as many as 4 treeside and 4 roadside measurements available. 
Many thermocouple channels give noisy data, or come loose from the conductor, so a broad selection of 
measurements will be shown. 

5.1 INITIAL KNEE POINT

The knee point test was conducted and resulted in a knee point at around 75C. Figure 14–19 show a 
representative sampling throughout the conductor.
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Figure 14. Initial knee point results for thermocouple channel 6 treeside.
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Figure 15. Initial knee point results for thermocouple channel 6 roadside.
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Figure 16. Initial knee point results for thermocouple channel 9 treeside.
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Figure 17. Initial knee point results for thermocouple channel 9 roadside.
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Figure 18. Initial knee point results for thermocouple channel 11 treeside.
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Figure 19. Initial knee point results for thermocouple channel 11 roadside.

5.2 THERMAL AGING AT RATED CONDUCTOR TEMPERATURE

Figure 20–25 show results for thermal aging at the rated conductor temperature.  
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Figure 20. Thermal aging results for thermocouple channel 6 treeside.
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Figure 21. Thermal aging results for thermocouple channel 6 roadside.
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Figure 22. Thermal aging results for thermocouple channel 9 treeside.
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Figure 23. Thermal aging results for thermocouple channel 9 roadside.
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Figure 24. Thermal aging results for thermocouple channel 11 treeside.
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Figure 25. Thermal aging results for thermocouple channel 11 roadside.
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5.3 THERMAL AGING AT EMERGENCY CONDUCTOR TEMPERATURE

Figure 26–31 show thermal aging at emergency temperatures.

Figure 26. Thermal aging at emergency temperature results for thermocouple channel 7 treeside.
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Figure 27. Thermal aging at emergency temperature results for thermocouple channel 7 roadside.
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Figure 28. Thermal aging at emergency temperature results for thermocouple channel 10 treeside.
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Figure 29. Thermal aging at emergency temperature results for thermocouple channel 10 roadside.
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Figure 30. Thermal aging at emergency temperature results for thermocouple channel 11 treeside.
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Figure 31. Thermal aging at emergency temperature results for thermocouple channel 11 roadside.
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5.4 EXTREME COLD EVENT

In addition to the planned testing of the Southwire C7 conductor, there was a unique extreme cold event 
when a polar vortex dropped the Oak Ridge temperature significantly below the NESC “Medium” 
requirement and the conductor made the expected deviation from the original line design (Figure 32). 

Figure 32. Conductor temperature, Sag10, and current during extreme cold event. 
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5.5 ICE LOADING EVENT

On January 28–31,there was an ice loading event that exceeded NESC Medium; during this time the 
conductor made a deviation from the design tables, which assume only the NESC loads. Figure 33–36 
show how the conductor responded to the ice loading.

Figure 33. Conductor temperature at channel 2 treeside, ambient temperature and tension.
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Figure 34. Conductor temperature at channel 6 treeside, ambient temperature and tension.
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Figure 35. Conductor temperature at channel 7 treeside, ambient temperature and tension.
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Figure 36. Conductor temperature at channel 10 treeside, ambient temperature and tension.

5.6 AGED KNEE POINT

During the aged knee point testing, at the end of the testing period, the knee point was shown to have 
moved from 100 to 75C (Figure 37–42). 
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Figure 37. Knee point results at end of testing plotted against thermocouple channel 7 treeside.
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Figure 38. Knee point results at end of testing plotted against thermocouple channel 7 roadside.
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Figure 39. Knee point results at end of testing plotted against thermocouple channel 10 treeside.
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Figure 40. Knee point results at end of testing plotted against thermocouple channel 10 roadside.
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Figure 41. Knee point results at end of testing plotted against thermocouple channel 11 treeside.
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Figure 42. Knee point results at end of testing plotted against thermocouple channel 11 roadside.

6. SUMMARY OF OBSERVATIONS

The Southwire C7 conductor was tested at the ORNL PCAT facility, undergoing testing that included 
thermal aging at rated conductor temperature, emergency temperature, and emergency overload 
conditions. During this time, the conductor behaved as expected (Figure 43 and Figure 44).
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Figure 43. Transition of knee point from thermal aging of channel 11 treeside.

Figure 44. Transition of knee point from thermal aging of channel 11 roadside.
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APPENDIX A. CONTROL SYSTEM FOR THE POWERLINE 
CONDUCTOR ACCELERATED TEST FACILITY 

The Oak Ridge National Laboratory Powerline Conductor Accelerated Test facility has a long history of 
testing conductors and acquiring detailed measurements for conductors in the field. The system currently 
is controlled by a set of codes in Visual Basic on a desktop computer. There are plans to upgrade this 
control system to a LabVIEW-based architecture in the future to support further development. Figure A.1 
shows the current data acquisition system, which can accommodate up to 128 thermocouple 
measurements, current and voltage measurements, conductor sag, conductor tension, and weather 
conditions. Each of these samples is polled, averaged, and then logged at one sample per minute.

Temperature 
(Thermocouples)

Sag 
(Laser Based)

Weather
(Weather Station)

Tension, Net Radiation
(CAT-1)

DC Supply Control
(V and I Setpoints, 
Startup/shutdown)

Temperature, status, 
voltage current 
measurements.

RS485

RS485

RS232

Fiber Optic

RS485

RS485

DC Power Supply

Fiber Optic

Computer
RS485/FO

RS485/FO

RS232/FO

RS485/FO

RS485/FO

Fiber Optic

Figure A.1. Current operating system for the Powerline Conductor Accelerated Test facility.
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APPENDIX B. THERMOCOUPLE CHANNELS AND LOCATIONS

Table B.1. Thermocouple attachment channels and locations

Channel Location Channel Location
2-1T First Tower 11-1T 750 ft
2-2T First Tower 11-2T 750 ft
2-3T First Tower 11-3R 750 ft
2-4T First Tower 11-4R 750 ft
3-1R First Tower 12-1T 900 ft (midspan)
3-2R First Tower 12-2T 900 ft (midspan)
3-3R First Tower 12-3R 900 ft (midspan)
3-4R First Tower 12-4R 900 ft (midspan)
5-1T 150 ft 13-1T 900 ft (midspan)
5-2T 150 ft 13-2T 900 ft (midspan)
5-3R 150 ft 13-3R 900 ft (midspan)
5-4R 150 ft 13-4R 900 ft (midspan)
6-1T 300 ft (midspan) 14-1T 1050 ft
6-2T 300 ft (midspan) 14-2T 1050 ft
6-3R 300 ft (midspan) 14-3R 1050 ft
6-4R 300 ft (midspan) 14-4R 1050 ft
7-1T 300 ft (midspan) 15-1T 1200 ft (Third Tower)
7-2T 300 ft (midspan) 15-2T 1200 ft (Third Tower)
7-3R 300 ft (midspan) 15-3T 1200 ft (Third Tower)
7-4R 300 ft (midspan) 15-4T 1200 ft (Third Tower)
8-1T 450 ft 15-5R 1200 ft (Third Tower)
8-2T 450 ft 15-6R 1200 ft (Third Tower)
8-3R 450 ft 15-7R 1200 ft (Third Tower)
8-4R 450 ft 15-8R 1200 ft (Third Tower)
9-1T 16-1E 1200 ft (Third Tower)
9-2T 16-2E 1200 ft (Third Tower)
9-3R 16-3E 1200 ft (Third Tower)
9-4R 16-4E 1200 ft (Third Tower)
10-1T 600 ft (Second Tower) 16-5E 1200 ft (Third Tower)
10-2T 600 ft (Second Tower) 16-6E 1200 ft (Third Tower)
10-3R 600 ft (Second Tower) 16-7E 1200 ft (Third Tower)
10-4R 600 ft (Second Tower) 16-8E 1200 ft (Third Tower)




